Identifying hydric soil boundaries is one component in delineating jurisdictional wetlands. Evaluating hydric soil field indicators using borings along transects is an invasive and arduous task. Magnetic susceptibility (MS) has been used successfully as a geophysical method for determining hydric soil boundaries by detecting a drop in soil magnetism when iron minerals mobilize or are recrystallized in alternating reducing and nonreducing conditions. Magnetic suseptibility has not, however, been fully evaluated in the soils of the southeastern coastal plain, where iron minerals are uncommon and a substantial amount of wetland delineation work is performed. Five relatively pristine and two disturbed wetland sites in northern Florida were rapidly evaluated by recording uncorrected volumetric MS measurements (n = 12 hydric; n = 12 nonhydric) on 1 by 7 yd transect grids centered on the hydric soil boundary as determined by field indicators. At the more sensitive "xO.1" instrument setting, instrument drift obscured any true differences in the populations of hydric and nonhydric MS values. Two additional sites in southeastern Georgia and two of the original sites were selected for a more intensive survey (n = 30 random hydric; n = 30 random nonhydric) volumetric MS measurements recorded inside a 3 by 20 yd transect block centered on the hydric soil boundary. Values were air-corrected for temperature drift, and the hydric and nonhydric populations were compared. All four sites showed significant (P < 0.004) differences in both population means and medians. However, the necessity for air correction, statistical analysis, and the lack of a unique MS value separating hydric and nonhydric populations make the use of this technique for delineating the precise hydric soil boundary impractical in this region. Mass specific MS measurements of the surface soils at two sites had a marginal correlation (F = 0.78) with total and ammonium oxalate extractable iron, and trace amounts of iron minerals-most likely maghemite and goethite-were magnetically separated from filter residue and unaccounted for in the total iron analysis. This sporadic occurrence of ferrimagnetics has an overriding but difficult-to-quantify influence on the effectiveness of this method in the southeastern coastal plain.
Identifying hydric soil boundaries is one component in delineating jurisdictional wetlands. Evaluating hydric soil field indicators using borings along transects is an invasive and arduous task. Magnetic susceptibility (MS) has been used successfully as a geophysical method for determining hydric soil boundaries by detecting a drop in soil magnetism when iron minerals mobilize or are recrystallized in alternating reducing and nonreducing conditions. Magnetic suseptibility has not, however, been fully evaluated in the soils of the southeastern coastal plain, where iron minerals are uncommon and a substantial amount of wetland delineation work is performed. Five relatively pristine and two disturbed wetland sites in northern Florida were rapidly evaluated by recording uncorrected volumetric MS measurements (n = 12 hydric; n = 12 nonhydric) on 1 by 7 yd transect grids centered on the hydric soil boundary as determined by field indicators. At the more sensitive "xO.1" instrument setting, instrument drift obscured any true differences in the populations of hydric and nonhydric MS values. Two additional sites in southeastern Georgia and two of the original sites were selected for a more intensive survey (n = 30 random hydric; n = 30 random nonhydric) volumetric MS measurements recorded inside a 3 by 20 yd transect block centered on the hydric soil boundary. Values were air-corrected for temperature drift, and the hydric and nonhydric populations were compared. All four sites showed significant (P < 0.004) differences in both population means and medians. However, the necessity for air correction, statistical analysis, and the lack of a unique MS value separating hydric and nonhydric populations make the use of this technique for delineating the precise hydric soil boundary impractical in this region. Mass specific MS measurements of the surface soils at two sites had a marginal correlation (F = 0.78) with total and ammonium oxalate extractable iron, and trace amounts of iron minerals-most likely maghemite and goethite-were magnetically separated from filter residue and unaccounted for in the total iron analysis. This sporadic occurrence of ferrimagnetics has an overriding but difficult-to-quantify influence on the effectiveness of this method in the southeastern coastal plain. H ydric soils, hydrophytic vegetation, and wetland hydrology are the three parameters used to identify and delineate jurisdictional wetlands under Section 404 of the Clean Water Act (U.S. Army Corps of Engineers, 1987) . Hydric soils are defined as soils that formed under conditions of saturation, flooding, or ponding long enough during the growing season to develop anaerobic conditions in the upper part (Federal Register, July 13, 1994) . They are considered to be one of the more unalterable features of a wetland and may in some instances be the only indication of the presence of a wetland. Hydric soil criteria are those soil properties used primarily to generate a hydric soils list in the Natural Resources Conservation Service database (Federal Register, September 18, 2002 to hydric soils. Field indicators are designed to identify soils meeting the hydric soil definition without further data collection, and identifying them is the most common method for determining the extent of hydric soils around wetlands. There are some hydric soils, however, that do not have any of the 41 listed indicators (USDA-N RCS, 2006) , and others are difficult to identify or are masked by organic material. For the soil scientist, conducting a comprehensive wetland survey using field indicators involves evaluating numerous soil borings along transects, an arduous and invasive process.
Nine indicators are formed as the result of the reduction, transformation, or differential accumulation of iron, a process that is often accompanied by a drop in soil's ability to be magnetized, or its magnetic susceptibility (MS) (Maher, 1986 (Maher, , 1998 Mullins, 1977; Grimley, 1996) . Volumetric MS (K) is measured with portable instruments in the field and is defined as K = M/H, or the ratio of the amount of magnetization of a volume of a material (M) to the intensity of the magnetic field applied to that volume (H). Volume susceptibility is a dimensionless quantity with units expresses as 10-5 Système International (SI) units (Blum, 1997) . Mass specific measurements are made in the laboratory by placing soil samples in containers with a known volume, and recording susceptibility. It is defined as X = K/p, where mass specific MS (X) is the ratio of volumetric susceptibility (K) to the density of the material (p). The unit dimensions of mass specific susceptibility are cubic meters per kilogram (Blum, 1997) . All materials have magnetic susceptibility, which can be categorized as either positive (paramagnetic) or negative (diamagnetic) (Hunt at al., 1995) . Materials with strong hysteresis and magnetic domains are further classified as fern-or canted antiferromagnetic. Mullins (1977) and Maher (1986) found a strong relationship between the magnetic susceptibility of soil and the concentration, grain size, and shape of magnetic minerals present, especially magnetite (y-Fe 20) and maghemite (Fe 304). Bulk density also affects soil MS, but to a lesser degree (Grimley, 1996) . Soil parent material is most often the source of magnetic minerals, and MS values typically remain consistent in soils with similar parent material (Williams and Cooper, 1990) . When measured across the boundary between hydric and nonhydric soils, the MS value typically drops, and a critical value is recorded that can be used on subsequent transects to delineate the boundary, eliminating the need for borings.
This method for determining hydric soil boundaries has been used successfully by Grimley and Vepraskas (2000) in the midwestern United States and Zanner, Hurt, and Horn (2002) in southeastern Oregon, where surface soils contained an abundance of magnetite and maghemite. Conversely, soils of the coastal plain are typically depleted in iron due to a deficiency of primary iron minerals in parent material and weathering. Magnetic susceptibility feasibility studies in this region have been limited in scope or plagued by equipment problems (Zanner et al., 2002) .
The objectives of our study was to evaluate use of MS for delineating hydric soil boundaries and determine the primary source of MS in soils of the southeastern coastal plain, where a significant amount of wetland survey work is conducted. The experimental process involved running several transects across hydric soil boundaries as determined by field indicators, recording uncorrected and corrected MS values, and comparing the populations statistically. The transects were followed by a comparison of standard soil iron analyses with MS in an attempt to isolate the source of MS, or to at best provide a method for relating MS effectiveness to quantifiable soil iron components.
Soil Parent Material and Climate
The step-like physiography of the southeastern coastal plain is the result of sediments deposited during cyclic changes in sea level during periods of glaciation and deglaciation in the Pliocene and Pleistocene epochs (Cooke, 1945) . These marine terraces are defined by their topographic elevations and are often bounded by subtle escarpments, except where they have been cut or eroded by streams or rivers. Approximately eight named terraces have been identified in Florida alone (Healy, 1975) . Terrace sediments include fine-to medium-grained quartz sands, clays, minor amounts of organic material, and accumulations of heavy minerals (Pirkle et al., 1977) .
The coastal plain receives approximately 50 inches of precipitation annually and is classified as humid subtropical, with an average annual temperature of 70°F (Ceryak et al., 1983) . Coastal plain soils typically have been exposed to long-term weathering, burial, and erosion (Daniels et al., 1975) . Aluminosilicates containing Fe (e.g., biotite) are typically weathered on deposition, and the Fe forms secondary iron oxides, primarily lepidocrocite (y-FeOOH), maghemite, and goethite (a-FeQOH). These iron oxides serve as terminal electron acceptors for the decomposition of organic matter in often the same anaerobic (Maher, 1986; Gnimley, 1996) .
Materials and Methods

Study Sites
Four relatively pristine and two disturbed wetland sites in northern Florida and two sites in southeastern Georgia were chosen for this research. All sites were located in Land Resource Regions P and T (USDA-SCS, 1981) and had distinct upland and wetland components.
Details and locations of the study sites are found in Table 1 County, Florida (Arthur, 1991) . Mallory Swamp was recently subjected to wildfires, which have been shown to increase the MS of certain soil minerals (Ketterings et al., 2000) .
Sites 7 and 8 were added to the second survey and are located on the western slope of Trail Ridge, a remnant beach dune built at the crest of an eroding, transgressing sea during the Pliocene Epoch (Pirkle et al., 1977) . Elevations on the ridge exceed 200 ft and are some of the highest in the region. Much of the ridge is mined for its concentrations of heavy minerals, including ilmentite (FeTiO 3 ), a ferrimagnetic source of titanium (Pirkle et al., 1970) . 
Soil Iron and Magnetic Susceptibility Relationships
Additional research conducted by Grimley et al. (2004) found that soil MS of midwestern mollisols was primarily controlled by neotormed ultrafine ferrimagnetics and detrital magnetite concentrations. Ferrimagnetics (magnetite and maghemite) in coastal plain soils are scarce, but quantifying them or other forms of soil iron may prove useful for predicting the ineffectiveness of MS below certain thresholds. Daniels et al. (1975) found little relationship between various types of selective dissolutions for iron (acid ammonium oxalate, Na dithionite, HCI) and the amount of magnetic heavy minerals in coastal plain soils determined by standard (followed by magnetic) fractionation. Likewise, if MS was shown to have a similarly poor correlation to common soil iron analyses, the conclusion could be made that ferrimagnetics are also the primary contributor to the MS of coastal plain soils.
To compare forms of soil iron and MS, six discreet soil samples from the upper 0 to 6 inches of the hydric and nonhydric portions of Sites 2 and 6 (24 samples total) were analyzed for total iron, amorphous iron, and mass-specific magnetic susceptibility. Analysis of total iron was performed by ashing and HCI digestion following the method used to determine total phosphorous (Anderson, 1976) . Amorphous iron was
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analyzed using the acid ammonium oxalate (AO) extraction method (Bari[ and Bitton, 1967 and McKeague and Day, 1966) . Mass specific MS measurements were made with a Kappabridge KLY3S and statistical analysis was performed using the regression function in Minitab software.
Transects
August 2004 Survey
Initially, the MS equipment was evaluated by rapidly recording MS values on 1 by 7 yd grids centered on and perpendicular to the hydric soil boundary as determined by field indicators. At least two transects of twelve hydric and twelve nonhydric measurements were attempted at each site and shown in Fig. 2 . Transect locations were chosen to reflect the up-and down-gradient groundwater flow through the wetland.
Air corrections for temperature drift were not made and soil surface preparation was kept to a minimum to simulate expedient field use. Temperature drift became pronounced at the higher-sensitivity "xU.l" setting and obscured valid changes that might otherwise be observed when transitioning from hydric to nonhydric soils. Drift also precluded statistical analysis of the transect data. Heterogeneity in the fluvial parent material at Site 2 (Yellowjacket) resulted in spikes in the MS values on the nonhydric side also observed during a previous feasibility study in eastern Texas (Zanner, Hurt, and Miller, 2002) . Diamagnetic soils dominated both the hydric and nonhydric (carbonate) components of the disturbed Lake City sites (4 and 5) resulting in an overall poor performance of the MS equipment.
Sites 2 (Yellowjacket) and 6 (Mallory Swamp), with the most apparent shift in MS values and highest composite total iron in their surface soils, and two additional sites (Sites 7 and 8 on Trail Ridge) were chosen for a second, more intensive survey.
March 2005 Survey
Thirty hydric and thirty nonhydric measurements were randomly recorded in a 3 by 20 yd block centered on and perpendicular to the hydric soil boundary as determined by hydric soil indicators at Sites 2 (Yellowjacket), 6 (Mallory Swamp), 7 (Trail Ridge 1), and 8 (Trail Ridge 2). Dense upland and wetland vegetation around these sites prevented the consideration of regional ground water movement when choosing transect locations. Transect measurements were air-corrected for temperature drift and statistically analyzed with both a two-sample t test and the Mann-Whitney test using Minitab software (Minitab Inc., State College, PA). The test results were used to determine if the population means and medians of random MS measurements taken in the hydric and nonhydric soils were significantly (a = 0.05) different.
Results and Discussion
Soil parent material, total iron, and field indicators encountered represented an expected range of values for coastal plain soils and are listed in Table 2 , although indicator S8 (Polyvalue Below Surface) found at the Trail Ridge 2 site is relatively uncommon. Descriptions of field indicators are listed in Table 3 .
Although necessary to provide statistically valid results comparable to previous studies, the process of performing drift correction no longer represented a time savings when compared with taking soil borings. The need for further data transformations also obscured differences in hydric and nonhydric MS that may be perceived by the operator while conducting field transects. Nevertheless, all four sites evaluated in the tlarch 2005 survey showed significant (P< 0.004) differences in both the means and medians of hydric and nonhydric populations of MS measurements. Results of statistical analysis are listed in Table 4 .
Distributions of the populations of hydric and nonhydric MS values are graphed in Fig. 3 , but the absence of a unique critical value separating the populations limits the usefulness of this equipment for delineating precise boundaries. Magnetic susceptibility spikes (up to 27.5 x 10 SI units) observed at the Trail Ridge 2 site may have been the result of accumulations of heavy minerals in the surface soils. Diamagnetic (negative MS) materials were common at all sites, comprising 41% of the MIS va uecorded.
Relationships between total iron, AO extractable iron, and massspecific MS are graphed in Fig. 4 and 5. Results were marginal (R2 = 0.78 for both regressions), suggesting that ferrimagnetics, when present, have an overriding influence on MS in coastal plain soils. Trace amounts (<0.035 oz) of magnetically extractable minerals remained behind as filter residue in the analysis for total iron, further supporting the claim that these common types of analyses do not account for all iron minerals. X-ray diffraction of nonhydric surface soil from Site 2 with the highest MS value (7817.68 x 10-8 SI units) indicated an abundance of maghemite and goethite (Fig. 6) in isolated pockets at the study site.
These secondary forms of iron are prone to reduction under anaerobic conditions and represent a significant, albeit difficult to quantify, 
Conclusions
With a sufficient number of air-corrected volumetric MS measurements, it is possible to obtain significantly different populations of hydric and nonhydric measurements compiled during transits into coastal plain wetlands. A unique critical value separating the two populations was not obtainable, making use of MS impractical for delineating the precise hydric soil boundary around a wetland. Conventional techniques of iron analysis of coastal plain soils (total and AO extractable) were inadequate for quantifying the source of MS, which appears to be heavily influenced by the random presence of ferrimagnetic minerals-particularly maghemite and goethite-rather than readily quantifiable physical or chemical properties. Establishing a heavy mineral content threshold for the effective use of MS to delineate hydric soil boundaries in this region requires fractionation and magnetic separation, and would deviate from the goal of this research. Therefore, the practical use of MS for this purpose should be relegated to soils known to be dominated by ferrimagnetics.
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